








OP Mnemonic and Azguments Description , N Z V C Esxceptions
87 DIVB3 dive.rb, divd.rb, quo.wb Divide byte 3-operand * * 0 iov,idvz
C7¢ DIVL3 divetl, divd.rl, quo.wl Divide long 3-operand * * 0 ijov,idvz
A7 DIVWS3 diverw, divd.rw, quo.ww Divide word 3-operand ELE* O jov, idva
7B EDIV diveil, divd.rq, quo.wl, rem.wl  Extended divide * % % 0 jov,idvz
7A! EMUL mulr.rl, muld.rl, add.d, prodwq . Extended multiply KX Q0

96 INCB sum.mb Increment byte R A oy e
D6 INCL sum.ml -+ Increment long SR KRR jovi
B6 INCW sum.mw - - Increment word oxox O jov
92 MCOMB src.tb, dst.wb " Move complemented byte R

D2 MCOML sre.1l, dst.wl “Move complementedlong - * * 0 -

B2 MCOMW sre.rw, dst.ww . ' Move complemented word ol )

8E MNEGB src.tb, dst.wb " Move negated byte - *okokok oy
CE MNEGLsrc.tl, dst.wl * Move negated long * Rk x oy
AE MNEGW src.rw, dst.ww Move negated word * * % jov

90 MOVB src.rb, dst.wb Move byte L g T s
DO MOVL sre.ol, dst.wl Move long * * 0 -

BO MOVW src.rw, dst.ww Move word - ? A

9A MOVZBW sre.rb, dst.wb 'Mcvemm-amendedbymwmrd O-% 0o

98B MOVZBL src.tb, dst.wl Move zero-extended byte tolong 0 * 0 -

3C MOVZWL src.rw, dst.ww ‘Move zero-extended wmdtolong 0 *0 -

84 MULB2 mulrsb, prod.mb . Multiply byte 2-0perand =~ * * * 0 iov
C4' MULL2 mulr.t]; prod.ml - “Multiply long 2-operand ok X0 jov
A4 MULW2 mulr.rw, prod. mw Multiply word 2-operand X% 0 oy

85 MULB3 muletb, muld.th, prod.mb ~ Multiply byte 3-opetand * ok 0 oy
C5' MULL3 mulesl, muld.tl, prod.ml .- : Multiply long 3-operand ¥ x % 0 jov
A5 MULW3 mulerw, muld.rw, prod.mw  Multiply word 3-operand - - * 0 dov
DD PUSHL src.tl, Push long - D
9C ROTL cnt.rb, stc. rl dst.wl Rotate long ‘ *r Q- ~';§‘
D9 SBWC sub.rl, dif.ml - Subtract withcarry *o e * oy

82 SUBB2 sub.rb, dif.mb Subtract byte 2-operand HoE o oy
C2 SUBL2 sub.tl, dif.ml ‘Subtract long 2-operand T -
A2 SUBW2 sub.rw, dif. mw Subtract word 2-op¢rand * ok * ok ov

83 SUBB3 sub.tb, min.rb, dif.mb Subtract byte 3-operand e w Tk oy
C3 SUBL3 sub.tl, min.1l, dif.ml Subtract long 3-operand * * % jov

A3 SUBW3 subrw,mmrw,dxfmw Subtractwode-opemd *ER Y dv
95 TSTB stc.rb Testbyte x 00

D5 TSTLsrc.xl Testlong . . . * * 00

B5 TSTW src.rw Test word ** 00

8C XORB2 mask.rb, dst.mb Exclusive or byte 2-operand * 0 -

CC XORL2 mask.zl, dst.ml Exclusive or long 2-operand * 0 -

AC XORW2 mask.rvw, dst.mw Exclusive or word 2-operand * Ok Q-

8D XORB3 mask.rb, src.tb, dst.wb Exclusive or byte 3-operand ** Do

CD XORL3 mask.rl, src.rl, dst.wl Exclusive or long 3-operand * 0 -

AD XORW3 mask.rw, src.rw, dst.ww - Exclusive or word 3-operand *r0 -

1. The MicroVAX 78132 FPU, whenprcsenti accelerates cxecution of these integer multiplication
instructions. i ’ ‘
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2. The MicroVAX 78132 FPU when present, accelerates execution of these mteger dmsmn

displ.bb

Add one and bxanch on less

instructmns
- Address Instructions
OP Mnemonic and Arguments Description N Z V C Exceptions
9E MOVAB src.ab, dst.wl ‘Move address of byte SN | R
DE MOVAL {=F} src.al, dst.wl ‘Move address of long R
7E MOVAQ { =D =G} src.aq, dst.wl ‘Move address of quad R { R
3E MOVAY src.aw, dst.wl Move address of word A |
9F PUSHAB src.ab, {~(SP).wl} Push address of byte i | Qe
DF PUSHAL {=F} src.al, {-(SP).wl} - ~ Push address of long A | B
7F PUSHAQ {=D=G} src.aq, {-(SP).wl}  Push address of quad LI 1
3F PUSHAW src.aw, {-(SP).wl} . Push address of word xx0 -
- Variable-length Bit Field Instructions
OP Mnemonic and Arguments. Descuptlon ‘N Z V C Exceptions
EC CMPV pos.tl, size.tb, base.tb, ‘ B , o
{field.rv}, src.tl © Compare field S * 0 % s
ED CMPZV pos.1l, size.rb, base.vb, : -
{field. gosnc £l Compare zero-extended field ¥ * 0 * sy
EE EXTV pos.tl, sme tb, base.vb, ‘ ‘
-~ {field.rv}, dst.wl ' Extract ﬁeld * %0 - rsv
EF EXTZV pos., s1zze tb, base.vb, '
{field.rv}, dst.wl Extract zero-extended field * ok 0~ rsv
FO INSV src.rl, pos.xl, size.rb,
base.vb, {fleld wv} Insert field -~ - = —.rSV
EB FFCs .t size. rb base.vb, : o
{field.rv}, findpos.wl - Find first clear bit R0 ~orsv
EA FFSst s.1l, size. rb base.vb, ‘ ' o
{field.rv E fmdpos wl Find first set bit ¥k Q- rsv
- Control Instructions
OP Mnemonic and Arguments Description N Z V C Exceptions
9D ACBB limit.rb, add.tb, Rk
index.mb, displ.bw Add compare and branch byte *okok  jov
F1 ACBL limit.tl, add.1l, index.ml,
displ.bw ; Addcompare and branch long ok ¥ _ jov
3D ACBW limit.rw, add.rw, : :
_ index.mw, dlspl bw Add compare and branch word kokoE L jov
F3 AOBLEQ limit.rl, index. ml ‘ y
displ.bb ; . Addoneand bmnch on less or equal * ok R ov
F2 AOBLSS limit.rl, index.ml, : B L
® % % _ jov

A4
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OP Mnemonic and Arguments Description N Z 'V C Exceptions
1E BCC{= BGEQU} displ. bb  Branchencarryclear 00 - - - - -
1F  BCS{=BLSSU} dispL.bb Branchorcarryset’ 00 0 e - oie -
13 BEQL{=BEQLU} displ.bb Branchonequal | . - - - - -
18 BGEQdisplbb = - Branch on greater or equal - -
14 BGTR displ.bb Branchongreater =~ - - - - -
1A BGTRU displ.bb Branch on. greater uns1gned - - ==t
15 BLEQdispl.bb Branchonlessorequal =~ < - - oo
1B BLEQU displ.bb Branch on less or equal unsxgned N
19 BLSS displ.bb Branch on less TELL Ll L
12 BNEQ{=BNEQU}displbb ~ Branchonnotequal - - - - -
1C BVC displbb . Branch onoverflowclear . - - - - -
ID Bvsdisplbb . JSrnchonoverflowset - - o s
El 5.1, base.vb, dlsplbb ) e . - o
e ) Brnchonbitclear - - = - 1w
EO BBS srl base. vb dlspl bb T k
: {field.rv} I T =1/
ES BBCCposslbasevb,displbb, = o R
{field.mv} Branch on bit clear and clear. L= - ==V
E3 BBCS pos.1l, base.vb, dxsplbb koo oh) B st Mg
{field.mv} anc.h on bit clear and set - - = —- rav
E4 BBSC pos.l, base.vb, chsplbb TR A ’ k ek
{field.mv anchon:bit»«set and clear - = - - sV
E2 BBSSpos rl, base.vb, displ.bl;, e S
. {fieldmv} Branchonbltsetandset et < 2 4
E7 BBCCI pos.r], base.vb, dlslpbb ‘ o R
{field. mv} i anchonbxtd:arandclearmterlocked R -\ 2
E6 BBSSI pos.t, base.vb, dislp.bb, : :
{field.mv} Branchonbitsetandset interlbcked - - - - s
E9 BLBC stc.tl, displ.bb Branch on low bit clear S s -
E8 BLBS src.1l, displ.bb | Branch on low bitset = e e e - -
11" BRB displ.bb L Branchthhbyted’isplaccment e i b
31 BRW displ.bw - ‘Branch with word displacement T
10 BSBB displ.bb {~(SP).wl} Branchtosubmutmewnhbym R N PO
‘ - displacement U
30 BSBW displ.bw {—(SP).WI} __Branch to subroutine with woxd
I dxsglmment L , - el
8F CASEB selector.rb, base. rb U Gyl e
limit.tb, dispLbw-list - .Acmam.k L e g
CF CASEL selectorr], base.1l, | L e o
limit.z], displ. b-list Caselong i A
AF CASEW selector.rw, base.rw,
limit.rw, displ.bw-list Case word EE ek Qo * o
217 JMPdst.ab Jump e - - - -
16 JSBdst.ab, {~(SP).wl} Jump to subroutine e
05 RSB {(SP)+.rl} Return from subroutine - e ’
F4 SOBGEQ index.ml, displ. bb ~ Subtract one and branch onr gmter :
. or equal : FOER ~ ov
F5 SOBGTR'indwc.nﬂ,"displ.bb' ~Subtract oneandbmnch on greater CE Rk L oy

' Confidential and Proprietary

A5




« Procedure Call Instructions
OP Mnemonic and Arguments besdipiion, ;  NZVC Exceptions
FA CALLG arglist.ab, dst.ab, {~(SP).w'}  Call with general argumentlist 0 0 0 -0 rsv
FB CALLS numarg.tl, dst.ab, {~(SP).w'} Call with argument listonstack 0 0 0 0 rsv
04 RET{(SP)+.r’} Retun from procedure * % % % oy
« Miscellaneous Instructions
OP Mnemonic and Arguments Description N Z V C Exceptions
B9 BICPSW mask.rw Bit clear processor status word =~ * ¥ * *' psy
B8 BISPSW mask.rw Bit set processor status word ok k% pgy
03 BPT {-(KSP).w'} Break point fault 0000
00 HALT {~(KSP).w'} Halt (kernel mode only) - - - - prv
0A' INDEX subsgript.r_l, low.rl, hiﬁh.rl, ‘ : =
size.rl, indexin.rl, indexout. w] Index calculation * %0 0 sub-
DC MOVPSL dst.wl Move processor status longword - - - -
01 NOP No operation - - - -
BA POPR mask.rw, ;{(SP)+.r'} Pop registers - - - -
BB PUSHR mask.rw, ;{~(SP)+.w"} Push registers - - - -
FC XFC {unspecified oeprands} Extended function call 0000
« Queue Instructions
OP Mnemonic and Arguments  Description N Z V C Exceptions
5C INSQHI entry.ab headeraq Insert at head of queue, interlocked 0 * 0 * sy
5D INSQTI entry.ab headeraq Insert at tail of qﬁeue, interlocked 0 * 0 * v
OE INSQUE entry.ab, pred.ab Insert into queue L
S5E REMQHI headeraq, addtwl ~ Remove from head of queue, intetlocked 0 * * * rsv /
5F REMQTI headeraq, addr.wl Remove from tail of queue, interlocked 0 * * * pgv '
OE REMQUE entry.ab, addrwl Remove from queue woR Rk
+ Character String Instructions
OP Mnemonic and Arguments Description N Z V C Exceptions
28 MOVC3 len.rw, srcaddr.ab, dstaddrab, B '
{RO-5.wl} Move character 3-operand 0100
2C MOVCS srclen.rw, srcaddeab, fill.rb, o T
dstlen.rw, dstaddr.ab, {RO-5.wl} Move character 5-operand * x Q *
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Preliminary Appendix A

- System Support Instructions

OP Mnemonic and Arguments Description N Z V C Exceptions

BD CHME param.rw, {-(ySP).w'} Change mode to executive - 00000

BC CHMK param.rw, {~(ySP).w'} ~ _  Change mode to kernel 0000

BE CHMS param.rw, {~(ySP).w'} Change mode to supervisor 0:0.0-0

BF CHMU param.rw, {-(ySP).w"} - Change mode to user 0000

Where y=MINU(x.PSL<current..mode<) . , -

06 LDPCTX {PCB.r',-(KSP).w'} - Load pmcess context -~ - - - 1SV, prv
(kernel mode only) o

DB MFPR procreg.tl, dst.wl - Move from ssorteglsner * % 0 - rsvprv
(kernel mode only) S ‘

DA MTPR src.1l, procreg.rl Move to processor register * * 0 - rsyprv
(kernel mode only) : o

0C PROBER mode.th, len.rw, base.ab =~ Probe read access 0 * 0 -

0D PROBEW mode.rb, len.rw, base.ab . . Probe write access , 0 * 0 -

02 REI{(SP)+.r'} ' - Return from exception or interrupt > * * ' * sy

07 SVPCTX {(SP)+.r", PCB.w'} Save process context ~ - = w=lpry
(kernel mode only) '

» Microcode-assisted Emulated Instrucuo:m

The MicroVAX 78032 provides microcode assistance for the emulation of these instructions by
system software. The PIoCessor processes ‘the operand specifiers, creates a standard argu:ment list,
and takes an emulated instruction fault. For a descnpaon of emlﬂated instruction: pmoessmg, refer
to the MicroVAX 78032 User’s Guide. :

" oP Muemonic and Arguments ~~ * Description o N ZV C Exceptions

20 ADDP4 addlen.rw, addaddr.ab, sumlen.rw,

sumaddr.ab Add packed 4-operand * % * 0 rsydov
21 ADDP6 addllen.rw, addladdrab, add2len.rw, oo

add2addrab, sumlen.rw, sumaddrab ~ Addpacked6-operand ~ * * * 0 rsydov
F8 ASHP cnt.tb, siclen.rw, srcaddrab, round rb Arithmetic shift and muncl . . .

dstlen. rw,dstaddt.a ~ packed * % % 0 psy,dov
29 CMPC3 len.rw, srcladdrab, srczaddxab Compare character

~ 3.operand *oxoQo*

2D CMPCS srcllenrw,smladdr.ab fill. rb ; Comparecharacter R ,

sre2len.rw, src2addr.ab S-operand ; : L (

35 CMPP3 len.rw, srcladdrab, smzaddr.gb, ; Compare pncked 3- opcrand
37 CMPP4 srcllen.rw, sreladdrab, sre2len.rw,

*
o *
[
<

src2add.ab . ’ ;Compare packed 3~opemnd *ro o

0B CRC tbl.ab, inicrc.1tl, strien.rw, stream.ab Caleulate cyclic
; redundancy check 00 ‘

F9 CVTLP src.tl, dstlen.rw, dstaddeab Qonvert long to packed * R % 0 sy dov
36 CVTPL srclen.rw, srcaddr.ab, dst.wl Convert packed to long ¥ % % 0 rsyiov
08 CVTPS, srclen.rw, srcaddrab, dstlen, rw, Convert packed to leading

dstaddr.ab separate * % %0 rey, dov
09 CVTSE siclen.rw, srcaddr, dstlen.rw, Conwert leadmg sepmte to -

dstaddr.ab ‘ packed * % %0 rgy;dov
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OP Mnemonic and Arguments Description " NZVC Eﬁeptiﬁhs ‘
24 CVTPT srclen.rw, srcaddr.ab, thladdr.ab, , :
~ dstlen.rw, dstaddr.ab Convert packed to trailing * ** % 0 rsv, dov
26 CVTTP srclen.rw, srcaddr.ab, thladdrab, ‘ , ,
dstlen.rw, dstaddr.ab Convert packed to trailing * * * 0 rsv,dov
27 DIVP divrien.rw, divraddr.ab, divdien.rw, « ‘
quolen.rw, quoaddr.ab Divide packed * % % 0 rsv,doy, ddvz
38 EDITPC srclen.rw, srcaddrab, pattern.ab, Edit packed to character ‘
dstaddr.ab string ¥ ok % % pev, dov
3A LOCC chacrb, len.rw, addr.ab Locate character 0* 00
39 MATCHC ob]len rw, objaddr.ab, srclen.rw,
srcaddr.ab Match characters 0 * 00
34 MOVP len.rw, srcaddr.ab, dstaddr.ab Move packed * * 00
2E  MOVTC srclen.rw, srcaddrab, fill.rh,
tbladdr.ab, dstlen.rw, dstaddr.ab "~ Move translated characters * * 0 *
2F  MOVTUC srclen.rw, srcaddr.ab, esc.rb, Move translated until
tbladdr.ab, dstlen.rw, dstaddr. ab character A
25 MULP mulrien.rw, mulraddrab, muldlen.rw, -
muldaddr.ab, prodlen.rw, prodaddr.ab Multiply packed * % % 0 rey dov
2A  SCANC len.rw, addr.ab, tbladdr.ab, mask.rb ~ Scan for character g * 00
3B SKPC charrb, len.rw, addrab Skip character 0 *00
2B " SPANC len.rw, len.rw, thladdrab, mask.rb Scan characters. 0 *00

22 - SUBPA4 sublen.rw; subaddr.ab, diflen.rw, -

difaddr.ab Subtract packed 4~opemnci * % % 0 rsy dov
23 SUBPG6 sublen.rw, subaddr.ab, minlen.rw, )
.- minaddr.ab, diflen.rw, difaddrab ; Subtract packed 6-operand * * * 0. rsv, dov

« MicroVAX 78032 Foating-point Instructions

These instructions are implemented in hardware if the optional MicroVAX 78132 floating-point
unit is present in the system. They must be software emulated if the MicroVAX 78132 is not
included.

OP  Mnemonic and Arguments . Description N Z V C Exceptions

06F  ACBD limit.rd, add.rd, index.md ~ Add compare and branch
‘ D_ floating * % 0~ rsy,fov, fuv
04F  ACBF limit.rf, add.rf, index.tf ~  Add compare and branch
. F_floating ® %0 - rsy, fov, fuv
4FFD ACBG limit.rg, add.rg, index.mg Add compare and branch , '
G_floating ¥ ¥ 0 - rsyfov, fuv
060 ADDD2 add.rd, sum.md * Add D_floating 2-operand * % 0 0 rsv fov, fuv
040 “ADDF2 add.rf, sum.mf = Add F_floating 2-operand ' 0 0 rsv fov, fuv
40FD ADDG?2 add.rg, sum.mg Add G_floating 2-operand * * 0 0 rsy,fov, fuv
061  ADDD3 addl.rd, add2.rd, sum.wd Add D_ floating 3-operand *oo® K Orsy, fov, fuv
041  ADDF3 addl.rf, add2.rf, sam.wf =~ Add F_floating 3-operand * k% g rey, fov, fuv
41FD ADDG3 addl.rg, add2.rg, sum.wg  Add G_floating 3-operand % %0 sy oy, fuv
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OP - MnemoniemdAxgnmmu » Description - NZ V C Exceptions
071 CMPD srcl.rd, src2.nd Compare D_floating *o% 0 0O tsv
051 - CMPF srcl.rf, src2.rf Compare F._fléating * % 0 0 rsv
_ 51FD CMPG srcl.og, sre2.rg Compare G_floating Kk QO rev
06C - CVTBD src.tb, dst.wd Convertbyteto D_floating ©  * * 0.0
04C CVTBF src.tb, dst.wf Convert byte to F_floating: =~ * * 00
4CFD CVTBG src.rb, dst.wg Convert byteto G_floating =~ ** 0.0
068 CVTDBsrerb,dst.wb - “Convert D floating to byte *ok % O sy iov
076 CVTDFsrc.d, dst.wf - ComrertD__ﬁoatmgmeF.,ﬂoat *o & 0.0 rsv; fov
06A CVTDL sre.d, dst.wl Convert D_floatingtolong -~ *.% * 0 rsviov
069  CVIDW src.rd, dst.ww - Convert D_floatingtoword ~ * * * D rsyiov
048  CVTFBsrc.of, dst.wb . Convert F._floating to byte * X * 0 rsyiov
056  CVTFD src.if, dst.wg Convert F,_floatingtoD_float  * * 0 .0 rsv.
99FD CVTFG ste.rf, dst.wg Convert F_floatingto G._float * * 0 0 rsv -
04A  CVTFLsrc.tf, dst.wl ' Convert F_floatingtolong ~ * * * 0 rsv,iov
049  CVTFW src.tf, dst.ww ~ Convert F_floatingtoword ~ * * * 0 sy iov
48FD CVTGBsrc.rg, dst.wb ~ Convert G_floatingtobyte  ~ * * * 0 rsviov.
33FD CVTIGF src.rg, dst.wi Convert G_floatingto F_float * * 0 0: rsv, fov, fuv
4AFD CVTGL src.1g, dst.wl Convert G._floating to long * ok %0 reiov
49FD CVTGW src.rg, dst.ww Convert G._floating to word * % % revfov
O06E  CVTLD src.xl, dst.wb ‘ConvertlongtoD_floating™ = * * 0 0
04E  CVTLF src.xl, dst.wf Convert longtoF_ﬂoatmg * % 00
4EFD CVTLG sre.d, dst.wg = - " “Convert longto G flsating:: ~ * '*. 0 0
06D CVTWD src.rw, dst.wd Convert word to D_ﬂoatmg ** 00
04D. CVTWF src.rw, dst.wf Convert word o F_floating ~ * * 0 0
4DFD CVTWG sre.rw, dst.wg Cnmaertworde_.fhaﬂng T* k00
06B  CVTRDL sre.rd, dst.wl ,; Comrert rounded D...ﬂaatmg ' ;
* %00 sy iov
04B  CVTRFL src.tf, dst.wl Convert rounded F_.ﬁoatmg
o to long * % %00 rsviov
4BFD CVTRGL src.rg, dst.wl Convert tounded G_floating U :
to long * % ¥ 0 rsyiov
066  DIVD2 divt.rd, quo.md - Divide D..floating 2-operand ~~ *..* 0 .0 “rsv.fov fuvidvz
046  DIVE2 dive.rf, quo.mf Divide F_floating 2-operand ~ * * 0 0 rsv fov fuv fdvz
46FD DIVG2 divt.rg, quo.mg Divide G-floating 2-operand -~ *. * 0 .0 rsvfov fuv fdvz
067  DIVD3 diverd, dive.rd, quo.wd Divide D_floating 3-operand. . * * 0 0 rsv fov fuv fdvz
047  DIVD3 diverf, divr.rf, quo.wf Divide F_ floating 3-operand  * * ‘0 0 rsvfov fuv fdvz
47FD - DIVD3 divrrg, diverg, quo.wg Dnvxdg G,..ﬂoatmg 3~operand * % 0 0 rsyfoviovidvz
074 EMODD muicrd, moulexed, - o o - FOR £
- muldad, intowl, fract.wd - Exhended modulus D_Jloatmg * % * 0 rsviovfuviov
054 EMODF muirrf, mulrx.rb,
muld.rd int.wl, fract.wf Extended modulus F_floating * * * 0 rsviovfuviov
54FD EMODG muit.rg, mulrx.rw,
muld.1g int.wl, fract.wg Extended modulus G_floating * * * 0 rsvfovfuviov
072 *MNEGD src.xd, dst.wd Move negated D_floating * 0 O rsv
052 *MNEGEF ste.rf, dst.wf Move negated F__floating * 0 0 rsv
52FD *MNEGG stc.rg, dst.wg Move negated G_floating * 0 0 rsv
070  *MOVD src.rd, dst.wd Move D__floating * 0 - rsv
050  *MOVF src.rf, dst.wi Move F_ floating * 0 - 1sv
50FD *MOVG stc.tg, dst.wg Move G_floating 0 - rsv
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OP - Mnemonic and Arguments “Desc.ription, . N Z V C Exceptions
064  MULD2 mulrrd, prod.md ~ Multiply D_floating 2-operand * * 0 0 rsv, fov, fuv
044 MULF2 muletf, prod.mf Multiply F_floating 2-operand * * 0 0 13y, fov, fuv
44FD MULG2 mulr.rg, prod.mg Multiply G__floating 2-operand *- * 0 0 rsv, fov, fuv
065 MULD3 mulrrd, muld.rd, prod.wd Multiply D_floating 3-operand * * 0 0 r1sv, fov, fuv
045 MULF3 muleef, muld.rf, prod.wf  Multiply F_floating 3-operand  * 0 0 sy, fov, fuv
45FD MULG3 mulerf, muld.rg, prod.wg Multiply G_floating 3-operand * * 0 0 rsv, fov, fuv
075 POLYD arg.rd, degree rw, tbladderab Evaluate polynomial D_floating * * 0 0 rsv, fov, fuv
055  POLYF arg.rf, degree rw, tbladderab Evaluate polynomial F_floating * * 0 0 1sv, fov, fuv
55FD POLYD arg.rg, degree rw, thladderab Evaluate polynomial G_floating * * 0 0 rsv, foy, fuv
062 SUBD2 sub.rd, dif.md Subtract D_floating 2-operand * 0 0 rsy,fov, fuv
042  SUBF2 sub.rf, dif. mf ‘Subtract F_floating 2-operand '* * 0 0 1sv, foy, fuv
42FD SUBG2 sub.rg, dif.mg Subtract G_floating 2-operand * * 0 0 1sv, foy, fuv
063  SUBD3 sub.rd, min rd, dif.md Subtract D_floating 3-operand * 0 rsvfovfuv
043  SUBF2 sub.rf, min rf, dif mf Subtract F_floating 3-operand 0 0 rsvfovfuv
43FD SUBG2 sub.rg, min rg, dif.mg Subtract G_{loating 3-operand 0 0 rsviovfuv
073 *TSTD src.rd Test D_floating 0 0 rsv-
053  *TSTF src.rf Test F_floating 0 0 rsv
53FD *TSTG src.rg Test G_floating 0 0 rsv

- MicroVAX 78132 FPU Integer Multiplication Instructions
OP Mnemonic and Arguments Description N Z V C Exceptions

"~ 07A Extended multiply EMUL mulrrl, muld.rl, add.el, prodwg  * * 0 0
00A Index calculation INDEX subscript.tl, low.tl, high.tl,

size.rl, indexin.rl, indexout.w * 0 0 subscript range

0C4 Multiply long 2-operand ~ MULL2 mule1], prod.ml * Y0 jov
0C5 Multiply long 3-operand ~ MULL3 mulr.r], muld.rl, prod.wl * k0 jov

- MicroVAX 78132 FPU Integer Division Instructions
OP Mnemonic and Arguments = Description N Z V C Exceptions

0Cé6 Divide long 2-operand

. DIVL2 divr.tl, quo.ml

*

* 0 iov, fdvz

- 0C7 Divide long 3-operand

DIVL3 dive.rl, divd.xl, quo.wl

. * 0 iov, fdvz

07B Extended divide

EDIV dive.tl, divd.rq, quo.wl, rem.wl

* 0 .iov, fdvz

“A-10
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MicroVAX 78132 FPU Operand Transfer
The integer divide instructions require that the lower 32-bits of the &mdend be transferred flrst

Prelimi

Avocidic A

and then the uppet 32ﬂb1ts
VAX FPU Eirst ~..Second  Third .
Mnemonic Opcode  Transfer Tunsfer Transfer- Opemmn : Remh 1 Result2
ACBD  06F limitd addd  indexd (index+sdd)limit (ndexd®) ——
ACBF 04F limit.f addf . . indexf (index+ add) limit  (index. fIRD -
ACBG  14F limitg addg  indexg (index+addylimit (indexgR) --—-
ADDDx 060,061 add2d addld .. -  add1+add2 sumdR] -
ADDFx = 040,041 ‘add2f  addlf . —-- add1 +add2 sumf[R]. . -
ADDGx 140,41 add2g addlg -— add] +add2 sum.g(R] —
CMPD 071 ., sc2d  seld . - srcl-src2 e —
CMPF 051 src2f  srclf — srcl-src2 - -— —
CMPG 071 src2.g srcl.g -— srcl-src2 — -—
CVTBD  06C stc.b — — fit cvrt dizf4/.6]float[E] -
CVIBF  04C src.b -— -— fit cvrt f[rf4/.6)float[E] ~——-
CVTBG 14C src.b —— —— fitcurt glrf4/.6)float[E] ~-
CVIDB 068 sre.d — — fit cvrt byte[T] —
CVIDF 076 src.d — — fit change flrf4/.6}float[R] ——-
CVIDL  06A sre.d -— — int cvrt longword[E]  —-
CVIDW 069 src.d — e int cvrt ward[T] —
CVIFB 048 src.f — _— int cvrt byte[T] —
CVTFD 056 src.f — — fit change dirf4/.6)float[E] -~
CVIFG 199 src.f — — int cvrt olrf4) 6lfloatE]  ~—
CVTFL  04A src.f — — int cvrt longword[E]  ~—-
CVIFW 049 sre.f — — int cvrt word[T} o
CVIGB 148 sre.g —— — int cvrt byte[T] —
CVIGF 133 src.g — — fit change x4/ .6}float[R] ~—
CVIGL  14A src.g -— — int cvrt longword[T]  ~——
CVIGW 149 src.g — — int cvrt word[T] —
CVTLD 06E src.l _— — fit cvrt dirf4/.6}float{E} -~
CVILF  04E src.] e —— fit cvrt frf4/.6)float[R] ~~-
CVILG 14E src.l J— —— fit cvrt gltf4/.6]float[E] ~—-
CVIWD 06D sre.w —_— —_— fit cvrt dirf4/.6)float[E] -
CVIWF 04D src.w — e fit cvrt frf4/.6)float[E] —-
CVIWG 14E sew —— — fit cvrt glrf4/.6]float(E] —-
CVIRDL 14A sre.d —— — md, int cvrt longword[R] ~ ——-
CVIRFL 14A sre.f — — md, int cvrt longword[R]  -—
CVIRGL 14A ste.g — — md, int cvet longword[R] -~
DIVDx 066,067 divd.d dived — divd/divr quo.d[R] ——
DIVFx 046,047 divd.f dive.f —— divd/divr quo.flR] —
DIVGx 146,147 divd.g divr.g — divd/divr " quo.g[R] -—
EMODD 074 mulrx.b  muled muldd  muld*(mul’'mulrx)  int.][E] fract.d[R]
EMODF 054 mulrx.b  mulcf muldf  muld*(mulr’mulrx) int.J[E] fract f[R]
EMODG 154 mulrx.b muleg muld,g  muld*(mulr’'mulrx)  intJ[E] fract.g[R]
MULDx 064,065 multd muldd -~ mulr*muld prod.d[R] —
MULFx 044,045 mulrf muldf - mulr*muld prod.f[R] —
MULGx 144,145 mulrg muldg  -— mulr*muld prod.g[R] —
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Appendix A

VAX FPU First Second Third CUTER e S T R FER LU
Mnemonic Opcode . « Transfer Teansfer . Teansfer Operation =~ Resukl . Result2,
POLYD 075 arg.d intl.d #coeff.d  (arg*intl)+coeff  #int2.d[R] . .. #int3.d[R]
POLYF  -Q55 - arg.f intlf #coeff .f {arg*int D)+coeff.. - #int2 £[R] -#int3.f[R]
POLYG 155 agg  intlg  feoeffg  (argtintl)+coeff  #ini2glR] #in3.gR]
SUBDx 062,063 mind  subd  — . min-sub diffdR] =~ -—
SUBFx 042,043 mmf sub.f e " ‘min-sub - diff.f[R] _—
SUBGx 142,143 'ming =~ subg’ = - " min-sub diff.g[R] —
EMUL 07A mulerl  muldd ——  mulr*mald prod.wg[E]  -—
INDEX 00A ‘' (mulcrl)  sizerl g mulr*size * indexout.wq[E] ——~
MULLx  0C4,0C5 mulerl  muldsl - mulr*muld prod.wq(E] =~ ---
DIVLx - 0C6,0C7 divrrl divd.rq - divd/divr quo.wi[E] rem.wi[E]
EDIVx  07B diverl divd.rq divd/divr quo.wi[E] rem. wi[E]
“A12 Confidential and Proprietary




The DCT11 and DCJ11 16-bit microprocessors share the PDP-11 architecture and operate with a
common instruction set and similar addressing tcchmques The following table list the instruction
set for both processors. The instructions that do not apply to the DCTH" xmcmprocessor are
indicated by a dagger (}) preceding the instruction mnemonic term. The DCT11 microprocessor
does not perform floating-point arithmetical operations and some of the DCT11 instmuction
executions are performed differently from those of the DCJ11 microprocessor.

The abbreviations for the condition codes (N, Z,V,C) listed in the table are as follows. For spemfxc
condition code information, refer to the pTH User’sﬁmde

= condltlonaﬂy setf cleared

=not affected
0 cleared
1=set

The block [ preceding the opcode or base cocIe = 0 for woxd/ 1 for byne

« Single Operand
General
Opcode Mnemonic Description N Z VvV C
1050DD CLR (B) _Clear destination .. 0O 1 0 0
1051DD COM (B) Complementdestindtion S
J052DD INC (B) Increment destination R i
3053DD DEC (B) Decrement destination e
1054DD NEG (B) Negate destmatxcn , o A
£1057DD TST (B) Test destination FOo* 00
0073DD +WRTLCK Read/lock destination, : . L
writefunlock RO into destination * 0 -
0072DD +TSTSET Test destination, set low bit ot Bk
Shift and Rotate
Opcode Mnemonic Description N zZ vV C
[1062DD ASR(B) - Arithmetic shift right R
3063DD ASL (B) Arithmetic sl*uft ieft L R SV S
[1060DD ROR (B) Rotate right xxx
‘[J061DD ROL (B) Rotate left: ko ko kK
0003DD SWAB Swap bytes FF 00
Multiple-precision
(J055DD ADC (B) Add carry * % %k
[(1056DD SBC (B) Subtract carry *ook k%
0067DD SXT Sign extend - * 9 -




Processor Status (PS) Word Operators

Opcode Mnemonic Description N C
1067DD MFPS Move byte from PS Sl R | R
10645S MTPS Move byte to PS ook ok ok
- Double Operand
General k
Opcode Mnemonic Description N zZ V C
{J1ssDD MOV (B) Move source to destination * oo 0 -
[J2SSDD CMP (B) Compare source to destination ook ok %
06SSDD ADD Add source to destination ook ox %
16SSDD SUB Subtract source from destination *oox %%
072RSS +ASH Arithmetic shift o A A
073RSS tASHC Arithmetic shift combined ook ox X
070RSS +MUL Multiply * % g
O7IRSS +DIV Divide ek x
g. .
Opcode Mnemonic Description ‘N Z V C
[J3SSDD BIT (B) Bit test * o 0 -
[148SDD BIC (B) Bit clear S | R
[J5SSDD BIS (B) Bit set ¥ * 0 -
074RDD XOR Exclusive OR * o 0 -
» Program Control
Branch
Opcode or
Base Code Mnemonic Description N z VvV C
000400 BR Branch'unconditional - - - -
001000 BNE Branch if not equal to zero - - - -
001400 BEQ Branch if equal to zero - - - -
100000 BPL Branch if plus - - - -
100400 ~ BMI Branch if minus - - - -
102000 BVC Branch if overflow is clear - - - =
102400 BVS Branch if overflow is set - - - -
103000 BCC Branch if carry is clear - - - -
103400 BCS Branch if carry is set - = - -
B-2 Confidential and Proprietary
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Signed Conditional Branch
Opcode or -
Base Code Mnemonic Description “o N Z V- C
002000 BGE Branch if greater than orequal to zero = - -~ =
002400 BLT Branch if less than zero - - - =
003000 BGT Branch if greater than zero T
003400 BLE “Branch if less thanorequal tozero - - - =
Unsigned Conditional Branch
Opcode or ; 7 Cee o i
Base Code Mnéemonic Description o ‘N Z VvV C
101000 BHI Branchif higher e i
101400 BLOS Branchiif lower or same - e -
103000 BHIS Branch if higher or same - - = -
103400 BLO Branch iflower -~ R
Jump and Subroutine
Opcode or
Base Code Mnemonic Description N Z V C
0001DD JMP Jump T T LT
004RDD JSR Jump to subroutine . . . - - - =
00020R RTS Return from subroutine - - ==
077R00 SOB Subtract one and branch if not equal to

zero0 L - - - -
Trap and Interrupt
Opcode or ;
Base Code Mnemonic Description ~ N Z V C
104000 to
104377 EMT Emulator trap ¥R oow K
104400 to ' B
104777 TRAP Trap : oxooxoo
000003 BPT Breakpoint trap LI
000004 10T Inputfoutput trap ook k%
000002 RTI Return from interrupt R %k
000006 RTT Return from interrupt ook x ok
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Miscellaneous Program Control o O
Opcode or :
Base Code Mnemonic Description - . N Z V- C
0070DD tCSM . Call to supervisor mod - - - =
0064NN tMARK Mark: . : - =
00023N tSPL - Set priority level - - - = =
Miscellaneous
Opcode or : : ,
Base Code Mnemonic Description N Z V C-
000000 HALT Halt - - - -
000001 WAIT Wait for interrupt - - - - -
000005 RESET Reset external bus - - ==
000007 MFPT Move processor type - - -
106685 tMTPD Move to previous data space * 0
006688 tMTPIL Move to previous instruction space * 0
0065SS tMFPD Move from previous data space * 0
1065SS tMFPI Move from previous instruction space * 0

- Condition Code Operators
Opcode or : .
Base Code Mhnemonic Description N Z V-
000241 ~CIC Clear C - - - 90
000242 CLV ClearV - - 0 -
000244 CLZ Clear Z -0 - -
000250 CLN Clear N o - - -
000257 CCC Clear all CC bits 0 0 0 O
000261 - SEC Set C - - = 1.
000262 SEV Set V I
000264 SEZ Set Z - 1 - -
000270 SEN Set N 1 - - -
000277 SCC Set all CC bits 1 1 1.
000240 NOP No operation - - - -
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The foﬂt:;wihg eléctrit:al circuit 'configﬁrations are used in kperformying the dc tests. A definition of
the parameters used in the tests is contained in Table C.1.

Current flow into the device is a negauvc value and current flow out of the device is 8 positive

value.

High (H) assertion signals are true or asserted for h:gh 1eve1 voltagcs and false or neganed for low--
level voltages. Low (L) assertion signals are true or asserted for Iow Ievel voltages and false or
negated for hx,gh level voltages ) , o .

Symbol Name[Deﬁmﬂon

Table C.1-dc Test Specnficntton Pammmrs -

Vi - High-level input voltage—An i mput voltage Ievel within the more pcsmve (lessnegatwe)
of the two ranges of values used to represent the binary variables.

Vi Low-level input voltage—An input voltage level within the less positive (more negative)
of the two ranges of values used to represent the binary variables.

I High-level input current-——The current mm an input when a high level voltage is applied
to that input. :

Low-level input current-—~Th: current into an mput when a low lcvel voltage is applied to
that input. . , <

Vic Input clamp voltage—An input; voltage in a region of ralatlvely Iow differennal resistance
that serves to limit the input voltage swing. This parameter applies to TTL mputs that
have clamping diodes to ground that. bﬁcome forward biased for negative excursions of
the input voltage.

j . Input current at maximum input voltage—The current into an input when the maximum
input voltage is applied to that input. This parameter applies to TTL inputs.

Vou High-level output voltage—The voltage at an output terminal with input conditions
applied that according to the specification will establish a high level at the output.

Vo Low-level output voltage—The voltage at the output terminal with input conditions
applied that according to the specification will establish a low level at the output.

To Low-level output current—The current into an output with input conditions applied that
according to the specification will establish a low level at the output.

Tos Short circuit output current—The current into an oixtpﬁt when that output is short-
circuited to ground with input conditions applied to establish the output logic level
farthest from ground potential. This parameter applies to TTL outputs.

Lon Low-level output leakage current—The current from an output with a low level applied to

the output and with the input conditions applied so that the output is a high impedance.
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Symbol Name/Deﬁmtlon

Iozs  High-level output leakage current—The current from an output with a high-level applied
to the output and with the input conditions apphed 50 that the output is a high
impedance.

Iec Positive power supply current— The current into the V. input from the power supply. V.
represents the positive power supply voltage applied to the device.

| - Negative power supply current—The current into the Vi supply terminal of the device.
Vi represents the negative power supply voltage applied to the device.

Cin Input capacitance— The capacitance measured at the specified pins with power applied to
the device. ,

R, Real input impedance—The real portion of the input impedance measured at the
specified pins with power applied to the device.

Vee
| IOH e (+)
— v
OPEN OH
INPUT CONDITIONS | ™| COLLECTOR OUTPUTS
ViH OR V) AS -
DICTATED BY THE —
Loaic — TOTEM POLE
] OUTPUTS
GND ) |OH
L
- VOH _____’
* DCTEST CIRCUIT C1
Vee
|
, ] -
. INPUT CONDITIONS foL (+)
Vi OR V) AS : -
picratepeyrocic | .| ‘l %
‘ GND VoL ______+
T | I
DC TEST CIRCUIT C2
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Vee

: — OUTPUT{S) OPEN
Vi REMAINING ,
| INPUTS

|

L1

o
z
o

1

DC TEST CIRCUIT C3

- Vee
ORIy [ — 1
‘REMAINING S
[t INPUTS
[l
l ' GND’
DC TEST CIRCUIT C4
Vee
Vee
REMAINING S ,
48V weuts T Y ouTTS)
] " oren
et} — ‘
L
0l 1
DC TEST CIRCUIT C5
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. Vee
i FLa—— Vee
INPUT CONDITIONS R
GND OR 4.5 VAS R
DICTATED BY THE
LOGIC ! e
GND
DC TEST CIRCUIT €6
+ Vee
cc § |
INPUT CONDITIONS | —
GNDOR4.5VAS oL OuTPUT
DICTATED BY THE - ™ OPEN ©
LOGIC —
GND
DC TEST CIRCUIT C7
Vee
— Vee
INPUT CONDITIONS | __|
GND OR 3.0V AS
‘DICTATED BY THE —
LOGIC ]
GND

2

AT
L I

DC TEST CIRCUIT C8
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INPUT CONDITIONS
GNDOR 3.0 VAS
DICTATED BY THE
LOGIC

Vee
Vee
n— s —
| 10z H (-)
GND Vou

1

DC TEST CIRCUIT C9
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Figure D.1 shows the waveforms and symbols used to measure the propagation delay for some
input and output voltages.

15v ¥ ﬁ
INPUT

OUTPUT VOLTAGE
IN PHASE

QUTPUT VOLTAGE
OUT OF PHASE

-t

e
t

H

Figure D.1- Input/Output Propagation Delay Symbols
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Figure E.1 and E.2 show the conﬁguratxons of the molded plasnc/cemwc dual-inline p:
Figure E.3 shows the configuration of the DCT 11 40-pin ceramic package. Table E.1 lists the pm
and package dimensions.

Figure E.4 shows the dimensions for the DCJ 11 60-pin ceramic package and Figure
dimensions for the FPJ11 40-pin ceramic package.

Figure E.6 shows the conﬁgumtmn and dimensions of the cerquad mlme pax:kage AT
Figure E.7 shows the conftgumn«zm of the pin grid array (PGA) package and ’ﬁ;blaE 2 h5t5 the ’
package dimensions. ‘ i

Table El- Molded DIP Package Dunetmons

Package ~ 14-pin  16.pin  18-pin  20.pin  28-pin  40-pin
DhnensxoanMameMaxMinMstm MameMaxMinMax

028 029 028 029 0.28 029 0.28 0.29 0.58 0.59 0.58 0.59
0605 0.705 0.705 0.805 0.805 0.905 0.905 1,05 1305 1.405 1.905 2.05
0.08 0.18 0.08 0.18 0.08 0.18 0.08 0.18 0.08 0.18 0.08 0.18
012 — 042 — 042 — 012 — 0 1;: - Q‘j‘;g e
L oooeasoorr
0.014 0.022 0. 014 0.022 001/4 0.022 0.014 0.022 0.014 0.022.0, 014 0.022
0.0150.06 0:015 0.06 0.0150.06 0.0150.06 0.0150.06 0.015 0.06
0.044 0.07 0.0440.07 0.0440.07 0.0440.07 0.0440.07 0.0440.07
0.008 0.075 0.008 0.075 0.008 0,075 0.008 0.075 0.008 0.075 0.008 0.075
0.008 0.014 0.008 0.014 0.008 0.014 0.008 0.014 0.012 0.02 0.012 0.02
— 04 — 04 — 04 — 04 — 07 — 07
— 035 — 035 — 035 — 035°—=" 035 = 035

MR (DO OO W] >

*Non-cumulative at seating plane
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 Figure E.1 = 14-, 16-, 18- and 20-pin Plastic/Ceramic DIP Cméﬁgumtz'ons
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Figure E.2+ 28- and 40-pin Plastic/Ceramic DIP Configunations
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SEATING

' 7ANE
L e pall}
| G I
L | « }
Figure E.3 « DCT11 40-pin Ceramic DIP Configuration and Dimensions
: : 2000 030 e » —el e 211MaX
60 i , . 31
=N - W W N -V VN VPPV WV W W W1 -
5 Rk
> <l'.c14 :m 1300 + 015
PIN NO. 1 L]
INDEX a4
g A -==%==_J...
1 . . 30
.100 x 28 = 2.900 + .008 010 £ 509
100 o TOL. NON ACCUM.
+.008 r
| 1 | 1
[ T T T O NN U I S N O T TN T N NN (O O O O T I T |
RN 1.070 TYP. + 010
RN NN i
018+ 002 TYP. . :
Figure E.4 « DCJ11 60-pin Ceramic DIP Configuration and Dimensions
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MINIMUM CLEAR

LEADFRAME ZONE 1
s o
il A .

—=]

==

o4

‘L I l ~ 164 MAX
344 MAX I N
J[* T 1 . I]:]_L .180 MAX
! .030 MIN
120 MAX Aozl MIN k-
Number of Dimensions
Leads A B C D
44 0.6 0.02 0.05 0.825.
68 0.9 0.02 0.05 1.125
84 1.1 0.02 0.05 1.325
132 0.9 0.012 0.025 1.125
164 1.1 0.012 0.025 1.325
Figure E.G » Cerquad Package Configuration and Dimensions
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“Table E.2 + Pin Grid Arcay Package Dimensions

Type*  Pins o " Dimensions 3
‘A B C D E F G H J K

72 117 10 01 005 016 01 036 0.145 088 0.17

B 132 14 13 01 NA NA NA NA NA NA 018
M,IE,F 132 14 13 012 005 012 012 035 033 074 0.18
BCI3 132 14 13 012 NA NA NA NA NA NA 018
*Package Identification: '1 o
Type B=VAXBI bus BCAI and BIIC chips

M=V Mchip

E=V-11 I/E chip -

F=V.11 F chip e

BCI3 = VAXBI bus BCI3 chip




A wntd C o
- . 0.1‘ e i - . 0.36 MAX .
. —pb = [
‘:,‘,“,.‘V‘%l —f— J ———— ,_"
' . el - s
I
e a— Ui
B 1.1 MAX.
oot - -__..J_...
KEY PIN' —] ‘
9 )X [— g
PIN A12 J \ s
INDICATOR STANDOFF
N v I
f ]
e o i
D —armeroner
l__...._.._.:{b F 0.05 +.006
= - ‘7'&— 1 STANDOFF
l I capacitor /1 } _L__ PINS
PADS* .
’ cowoial| — lw— 0.008
~= P 0.05%0.005
aseeeiiond K S
="
[
- PIN A1 AND
PACKAGE IDENTIFICATION
—f b {REFER TO TABLE E2)

Key pin is nonelectrical and is for alignment on type B chips only.

Pin A1 is indicated by a protrusion on the standoff collar.

3Standoff pins are positioned at the four exterior corners of the 132-pin PGA and at the four
interior corners of the 72-pin PGA.

*Capacitor pads not available on the B and BCI3 PGA versions.

Figure E.7 » PGA Package Configuration and Dimensions

E-8 Confidential and Proprietary




R

e



















e iy
2







o

R R













